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SUSY as we knew it, pre-LHC

SUSY after 20 fb-1, 8 TeV + a ~126 GeV Higgs

where we go from here
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what was possible in SUSY, a la 2010
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CMSSM-style spectra

colored sparticles s 1000 GeV,

similar mass for all squark
generations & gluino

color neutral particles hovering
right at the 100-200



what was possible in SUSY, a la 2010
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what was possible in SUSY, a la 2010
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CMSSM-style spectra

colored sparticles s 1000 GeV,

similar mass for all squark
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typical’ cross sections for supersymmetry processes
rough limits after LHCs : o~ 10 fb

[from N. Craig]
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95% C.L. upper limit on o (pb)

more detailed limits: some dependence on decays
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more detailed limits: some dependence on decays
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Status: SUSY 2013
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95% C.L. upper limit on o (pb)

more detailed limits: some dependence on decays
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Status: SUSY 2013

ATLAS Preliminary

= (Observed limits
=== Expected limits

All limits at 95% CL

CDF 2.6 fb™ [1203.4171]

!\I

oL, T—t%
1L Tt
2L, T~ 1%,
2L, T Wby’

1 ~ 0
OL, mono-jet/c-tag,t,—~ c %
OL, M, =M.+ 5GeV
12,1, - b, m_ =106 GeV
1L T, = b%, m, =150 GeV
2L T, = b, mxl = - 10 GeV
1-2L, 4, = b, mxj =2x mi?

;‘ 2800 | T T T | T T T | T T T |;: E: | T T T | T T T | T T T | T T T | T T T | T T T ]
8 ~ ATLAS Prelimi@% : m(ié) = 0 GeV Observed limit (1650- 1]
Py 2600 = . v l: - m(x,) = 0 GeV Expected limit (+10,,,) -
3 2400 - _[ Ldt=20.3fb, Vs=8 T‘e_?{( m(iZ) - 395 GeV Observed limit =
E = 0-lepton combined ‘\\‘ Y e () = 895 GeV Expected lmit ]
© 2200 — Al m(ié) = 695 GeV Observed limit —]
% ~ \‘ q\ = - m(§€1) =695 GeV Expected limit 7
2000 = ’ 7TeV (4.7f6™) m(%’) = 0 GeV Observed]|
1800 & R .
1600 — LT
1400 —
1200 = —
1000 — —
00 : 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | | | | | | | | | | | | | | | 1 :
800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

gluino mass [GeV]

1L
IlllIIIIIII|||||||||I|llIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl_

-1
L, =20 - 21 fb" ¥s=8 TeV
OL ATLAS-CONF-2013-024
1L ATLAS-CONF-2013-037
2L ATLAS-CONF-2013-065
2L ATLAS-CONF-2013-048

OL mono-jet/c-tag, CONF-2013-068
OL 1308.2631

1L CONF-2013-037, OL 1308.2631
2L ATLAS-CONF-2013-048
1L CONF-2013-037, 2L CONF-2013-048

~ 0 ¥ 0 ,~ .0
’[1—>C)(1/t1—>Wb)(1/t1—>’[x1

500

Ly = 4.7 fo ¥s=7 TeV —

0L [1208.1447]
1L [1208.2590]
2L [1209.4186]

2L [1208.4305], 1-2L [1209.2102]

1-2L [1209.2102]




nJ

95% C.L. upper limit on o (pb)

more detalled limits: some dependence on decays

T, production
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Status: SUSY 2013
~ N . ~~y - I L
g-gproduc“on’gett;‘ _'"'|""|.'."'|"'l|llll|lll|||||||||||||_|1|||||||||||_1|||||_
> A L L L (qD) 600 — ATLAS Prellmlnary Ly =20-21107¥s=8TeV Ly, =4.7 b {s=7 TeV —
B . [~ = oL, 71917(0 OL ATLAS-CONF-2013-024 0L [1208.1447] 7]
& 900 :_CMS Prellmlnary : :32-:2-322 '—Ol'x‘_ : — Observed limits —mm 1 I‘_)tz 1L ATLAS-CONF-2013-037 1L [1208.2590] :
%) L \/7 - 8 TeV =19 B = oL Iad¥a 2L ATLAS-CONF-2013-065 2L [1209.4186] ]
% 800 S = e — SUS-13-007 500 |- === Expected limits = oL t1—>Wb’;z:j 2L ATLAS-CONF-2013-048 |
E I~ SUSY 201 3 — GUS-13-013 | = 0L, mono—jet/c—tag,i—>c;}o OL mono-jet/c-tag, CONF-2013-068 |
o - — Observed — SUS-13-008 L All limits at 95% CL — 0L, mX:=m>.a;+5GeV 0L 1308.2631 i
(il) 700 o Observed -1 GtShUSY . ] 1-2l_~,’f1 - b, m =106 GeV 2L [1208.4305], 1-2L[1209.2102] ]
- Expected t:)ry n CDF 2.6 fb [1203.4171] = 1L, 11 - b, m. =150 GeV 1L CONF-2013-037, OL 1308.2631 .
- R 400 s 2| T—b%,m =m-10GeV 2L ATLAS-CONF-2013-048 -
600 - 6\\ B = 12L7 - b, ""x’ =2xm, 1L CONF-2013-037, 2L CONF-2013-048  1-2L [1209.2102] -
Y o T Ci = e N 0 ‘ ' ~ 0~ ~0 = ~0 i
s = i L—=b% %W, { e T Wb >t ]
500~ &7 ¥ 300 F --T ]
C W — D -- N 7]
- '-._-i ............. | o —_— N i
a0 & & T 1= i \ '
‘‘‘‘‘‘‘‘ i 5 \| i
““““ P ! 200 ‘ -
300 ..... ' 1 B &/ l| -
““““ i ' - _ s GeY) _
: ' - ’ =T i
200 = || ; 7 - 'l 1 -
- : o 100 F CMS Preliminary s=8TeV,L =921t 5
1C Squark_gluino_neUtraIino mOdel | | | T T T T I T T T T I T T T T I T T T T I T T T T I T T T I_ 7 :
2800 T f LI R N B % L pp_>3'<°~* 95% C.L. CLs NLO Exclusions | - -
8 :_ATLAS Pl’ellmll’-:_'l m(ié) = 0 GeV Observe: 0 - 21 memm Observed 212) +3/ = 10theory: |
& 2600 & dh: - m(x,) =0 GeV Expectec =—  ol— %° - Z %’ «vxas Expecteded 2/2j+3] =+ 10 | | )0
g B -1 {l ~5 X2 X1 i
8 o400 [ Lot=203f, Vs=8 Tey m(7,) = 395 GeV Obser 3, s - — - Observed 3 only . p
& — . sl ~0y . 0 o . T
~ — 0-lepton combined =\ m(xé) = 395 GeV Expec & - X w %, Observed 212j only 1 41 03
< 2200 — m(x,) = 695 GeV Obser 150 . —
% S | T m(x,) = 695 GeV Expec - i
2000 — 7TeV (4.7fb_1) m(%?) -0 B - \\\\““\:‘:\“‘”l-”:'.“.”ilIl“””““””’/ ] :
1800 [ U e — 100 — B
: S e ¥ ™
1600 — . :
- 50— ER
1400 N s [ R
- B i : e 10
1200 [— » g —1 ' ] T
— oo ooy by ey Y -'I - |E L1 =
1000 — 00 150 200 250 300 350Gl \4}0
00 _I | | | | | | | | | | | | | | | | ! l ' ' ' v a4
800 1000 1200 1400 1600 f

+ many more direct and indirect limits



the only stop seen at CERN




ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

BUT:

Status: Moriond 2014 det =(46-229)fb! 5=7,8TeV
Model ey Jets EN [Ladm™ Mass limit Reference
MSUGRA/CMSSM 0 2-6jets  Yes 20.3 m(g)=m(z) ATLAS-CONF-2013-047
MSUGRA/CMSSM feu  B6jets  Yes 203 any m() ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 7-10jets  Yes 203 any m(g) 1308.1841
gt 0 2-6jets  Yes  20.3 ¥ ATLAS-CONF-2013-047
gax| [} 26jets  Yes 203 ATLAS-CONF-2013-047
'ﬂqq/\?‘x —qqW*Ty lep 36jets  Yes 203 ATLAS-CONF-2013-062
qg(/’///v/vv))( i 2ep 0-3 jets - 20.3 ATLAS-CONF-2013-089
&nise (ENLSP) 2ep  24jels  Yes 4.7 1208.4688
GMSB (7 NLSP) 127 02jets  Yes 207 tang >18 ATLAS-CONF-2013-026 [ ] [ ] n [ ]
GGM (bino NLSP) 2y - Yes 203 m(¥})>50 GeV ATLAS-CONF-2014-001
GGM (wino NLSP) Tep+y - Yes 48 m(E})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) 1b Yes 48 m(E))>220 GeV 1211.1167
GGM (higgsino NLSP) 2e4(Z) 03jets  Yes 58 m(A)>200GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10" eV ATLAS-CONF-2012-147
0 3b Yes 201 |& 127TeV m{F})<600 GeV ATLAS-CONF-2013-061
0 7-10jets  Yes 203 [& 1.1 TeV m(¥}) <350 GeV 1308.1841
O-lepu 3b Yes 20.1 z 1.34 TeV m(¥})<400 GeV ATLAS-CONF-2013-061 |
0-1eu 3b Yes 201 |& 1.3 TeV m(¥})<300 GeV ATLAS-CONF-2013-061
0 2b Yes 201 |& 100-620 GeV m(¥})<90GeV 1308.2631
2e,u(SS)  03b Yes 207 |b 275-430 GeV ¥ ) ATLAS-CONF-2013-007
12ep 1-2h Yes 47 I 1 1208.4305, 1209.2102
2ep 0-2jets  Yes 203 |7, 130-210 GeV 1403.4853
2ep 2jets  Yes 203 & 215-530 GeV 1403.4853
171 (medium), 7y ahx, 0 2b Yes 201 |& 150-580 GeV' 1308.2631
i1 (heavy), "_'“A Tep 1h Yes 207 |& 200-610 GeV ATLAS-CONF-2013-037 n
(heavy) fi—-tl) 0 Yes 205 |7 320-660 GeV' ATLAS-CONF-2013-024
A 0  monodetic-tag Yes 203 | & 90-200 GeV m(i)-m(E)<85GeV ATLAS-CONF-2013-068
tm(na!ural GMSB) 2e.p(2) 1b Yes 20.3 I 150-580 GeV m(})>150 GeV 1403.5222
by, hoi +Z 3e.u(2) 1b Yes 203 |& 290-600 GeV m(¥})<200 GeV 1403.5222
Irlir, [0 2ep 0 Yes 203 |7 90-325 GeV. ()0 GeV 14035294
= XXX Dy 2ep 0 Yes 203 |} 140-465 GeV ¥ 1403.5294
BRI 27 - Yes 207 |¥ 180-330 GeV. ATLAS-CONF-2013-028
ws Xix P“”‘-“VV” L) Bep 0 Yes 203 |WLE 700 GeV 1402.7029
Tila—-WhZt) 23ep 0 Yes 203 |Ehi 420 GeV 1403.5294, 1402.7029
X lgawxlh)(é Tep 2b Yes 203 )?%,“, 285 GeV. (¥3), m(¥7)=0, sleptons decoupled | ATLAS-CONF-2013-093
Direct ¥1 X, prod., long-lived ¥; ~ Disapp. trk 1 jet Yes 203 | 270 GeV' m{F;)-m(¥))=160 MeV, 7(F; ATLAS-CONF-2013-069
Stable, stopped g R hadron 0 1-5jets  Yes 229 13 832 GeV m(P})=100 GeV, 10 ps<r(3)<1000 s ATLAS-CONF-2013-057
GMSB, stable 7, M@, irte 124 - - 15.9 10<tanp<50 ATLAS-CONF-2013-058
GMSB, X1—G, long-lived ¥} 2 - Yes 47 0.4<r(F))<2ns 1304.6310
421, ) —qqy (RPV) 1 displ vix - - 20.3 1.0 TeV 1.5 <cr<156 mm, BR()=1, m ATLAS-CONF-2013-092
LFV pp—vr + X, e + 2ep - - 46 43,,=0.10, 4,3,=0.05 1212.1272
LFV pp—¥r + X, V,—e(u) + 7 Tep+r - - 46 44,2010, 4;3,=0.05 12121272
>  Bilinear RPV CMSSM Tepu 7ets Yes 4.7 m(g)=m(z), czsp<t mm ATLAS-CONF-2012-140
& b Swil Xdﬂeev“, eu, deqp - Yes 207 | X 760 GeV m(E)>300 GeV, 12,50 ATLAS-CONF-2013-036
iy X oW K orev et Bep+T - Yes 207 i% 350 GeV m())>80GeV, 113350 ATLAS-CONF-2013-036
8999 0 6-7 jets - 203 |& 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g0, [ —bs 2epu(SS)  03b Yes 207 |& 880 GeV ATLAS-CONF-2013-007
Scalar gluon pair, sgluon—qg 0 4jets - 4.6 incl. limit from 1110.2693 12104826
Scalar gluon pair, sgluon— 2 evu (SS) 2b Yes 143 ATLAS-CONF-2013-051
WIMP interaction (D5, Dirac x) monojet  Yes  10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
Vs =8TeV 1
full data Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o~ theoretical signal cross section uncertainty.
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ATLAS SUSY Searches* - 95% CL Lower Limits

Status: Moriond 2014

ATLAS Preliminary
JLdt=(46-229)fb" 5=7,8TeV

Model ey Jets EN [Ladm™ Mass limit Reference
T T
MSUGRA/CMSSM 0 2-6jets  Yes 203 |&Z 1.7TeV. m(g=m() ATLAS-CONF-2013-047
MSUGRA/CMSSM fep  36jets  Yes 203 |& 1.2TeV any m() ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 7-10jets  Yes 203 (& 1.1TevV any m(g) 1308.1841
Gogl) 0 2-6jets  Yes 203 |d 740 GeV ) ATLAS-CONF-2013-047
g% 0 26jets  Yes 203 & 13TeV ATLAS-CONF-2013.047
Fqa¥i —gq WL );“’ lep  36jets  Yes 203 |& 1.18 TeV. ATLAS-CONF-2013-062
2z, gﬁqg(f/ v v)E) ey 0-3 jets - 203 |& 1.12TeV ATLAS-CONF-2013-089
GMSB (£ NLSP) 2ep  24jels  Yes 4.7 1208.4688
GMSB (7 NLSP) 127 02jets  Yes 207 tang >18 ATLAS-CONF-2013-026
GGM (bino NLSP) 2y - Yes 203 m(¥})>50 GeV ATLAS-CONF-2014-001
GGM (wino NLSP) Tep+y - Yes 48 m(E})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e4(Z) 03jets  Yes 5.8 m(A)>200GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10" eV ATLAS-CONF-2012-147
= -g gﬁbbx‘ 0 3b Yes 20.1 z 1.2TeV m(F})<600 GeV ATLAS-CONF-2013-061
S0 it 0 7-10jets  Yes 203 & 1.1 Tev 7 1308.1841
] Eo gt O-leu 3b Yes 201 |& 1.34 TeV ATLAS-CONF-2013-061
<) goobit| O-1ep 35 Yes 204 |% 1.3 TeV m(F})<300 GeV ATLAS-CONF-2013-061
biby, b.ﬂb)m 0 2b Yes 201 by 100-620 GeV' m()(“;<sneev 1308.2631
biby, by -1t 2e,u(SS)  03b Yes 20.7 b 275-430 GeV ATLAS-CONF-2013-007
Fify (ight), 71 —bY) 12ep 1-2h Yes 47 |& 1105167.GeV! 1208.4305, 1209.2102
i (light), l|aWbX‘ 2ep 0-2jets  Yes 203 |7 130-210 GeV' 1403.4853
r.n (medium), t‘az)(‘ 2epu 2jets Yes 203 I 215-530 GeV 1403.4853
7171 (medium), i b} 0 2b Yes 201 |& 150-580 GeV' 1308.2631
fify(heavy), r,—mvg Tep 1h Yes 207 |& 200-610 GeV ATLAS-CONF-2013-037
aif (heavy)b fi—-tl) 0 2b Yes 205 |7 320-660 GeV' ATLAS-CONF-2013-024
Ry, fiock] 0  monodet/ctag Yes 203 | & 90-200 GeV' ATLAS-CONF-2013-068
17 natural'GMSB) 2e.p(2) 1h Yes 203 |7 150-580 GeV 1403.5222
by, i +Z Be.u(Z) 1b Yes 203 |& 290-600 GeV 14035222
Z,_RZ,_R, Z—»l){, 2ep 0 Yes 20.3 7 90-325 GeV 1403.5294
= 2ep 0 Yes 203 |} 140-465 GeV 1403.5294
= § 2r - Yes 207 |ip 180-330 GeV ATLAS-CONF-2013-028
w3 TG, BT Bep 0 Yes 203 il,;?; 700 GeV' 1402.7029
Wizt 23ep 0 Yes 20.3 )‘r‘, b 420 GeV 1403.5294, 1402.7029
x,)tgawx,h)(, Teu 2b Yes 203 i},“, 285 GeV. m(EF)=m(¥3), m(¥})=0, sleptons decoupled | ATLAS-CONF-2013-093
Direct ¥i X prod., long-lived ¥i ~Disapp.trk ~ 1jet  Yes 203 [} 270 GeV. m(F)-m(F =160 MeV, 7(F7)=0. ATLAS-CONF-2013-069
Stable, stopped g R hadron 0 1-5jets  Yes 229 13 832 GeV m(P})=100 GeV, 10 ps<r(3)<1000 s ATLAS-CONF-2013-057
GMSB, stable 7, Mot ie.n) 12 - - 15.9 10<tan<50 ATLAS-CONF-2013-058
GMSB, X1—G, long-lived ¥} 2y - Yes 47 0.4<r(F))<2ns 1304.6310
421, ) —qqy (RPV) 1 displ vix - - 20.3 1.0 TeV 1.5 <cr<156 mm, BR(x)=1, m(1)=108 GeV | ATLAS-CONF-2013-092
LFV pp—v: + X.7eoe +pt 2ep - - 46 A4,=0.10, 4,3,=0.05 1212.1272
LFV pp—¥r + X, V,—e(u) + 7 Tep+r - - 46 Ay 12121272
> Biinear RPV CMSSM Tep Tiets  Yes 4.7 m(g)=m(z), crisp<t mm ATLAS-CONF-2012-140
& fnatns Swil Xdaeev“, eu, deqp - Yes 207 760 GeV m(E)>300 GeV, 12,50 ATLAS-CONF-2013-036
iy X oW K orev et Bep+T - Yes 207 350 GeV m())>80GeV, 113350 ATLAS-CONF-2013-036
8999 0 6-7 jets - 20.3 916 GeV BR(1)=BR(»)=BR(c)=0% ATLAS-CONF-2013-091
g0, [ —bs 2epu(SS)  03b Yes 207 880 GeV ATLAS-CONF-2013-007
Scalar gluon pair, sgluon—qg 0 4jets - 4.6 incl. limit from 1110.2693 12104826
Scalar gluon pair, sgluon— 2 evu (SS) 2b Yes 143 ATLAS-CONF-2013-051
WIMP interaction (D5, Dirac x) monojet  Yes  10.5 miy)<80 GeV, limit of <687 GeV for D8 ATLAS-CONF-2012-147
1

Vs =8TeV 1
full data Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o~ theoretical signal cross section uncertainty.
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*Observed limits, theory uncertainties not included
Only a selection of available mass limits
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limits have holes

what do we need (analysis-
wise, machine wise) to fill
these gaps
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Naturalness

%M% = —mi;, — |uf* +0(—5)

tan? 3
2 (11 T
Allul?) = 10 x — M tree-level

() (200 GeV)?
Sy Amess
A0y, lswop) = g 5 (M + Mgy +|Adl7) log = 5
t1 to
~ 10 x még + mig + [ Ay]? logAmeSS/(mflmEQ)l/Z
2 X (450 GeV)? 3 :

“loop—level,,

U ~ 100-200 GeV

small A pushes for Mytop ~ 400 GeV



Naturalness

scale where SUSY-
breaking

2 395 (27, Amess — ~ communicated
A 5 Wino . Ja M 1 nmess
(Omy, ) 87T2| 2| 1o | M|
2
~ 10 x ’M2| log AmeSS/|M2’
(930 GeV)? 3
2043?/2 Amess Amess
A(5m2 | eluino ) = L \M3]2log log
H,lg 3 (mfl m;52)1/2 M|
— 10 % ‘M3|2 log Amess/(mflm{2)1/2 lOg Amess/’M3|
(1200 GeV)? 3 1.5
wino: = TeV

gluino: = 1.3 TeV, comes from stop running

same sparticles affect Higgs mass, but weaker dependence



Naturalness

A Natural Spectrum_

. ) (/S General “bottom-up” viewpoint
< e Pv\ So\'bl Mﬂfﬂ\ _f M
~J

| TeV _| B
o
I S-o j The “Nuclear Family” l g
of the Higgs
500 GeV / t
o ~ 1 !
t b &
L R 7 -

hJ f
A S 0= Hall
Vv ho
lz, \’\, GeV : <«<—— C(loseness to Higgs
(v
1000k
Arkani-Hamed .
b
500 ) W
tl_
S
X1 _ _
Ok Barbieri




even without direct limits, a dose of reality

Higgs mass forces MSSM supersymmetry to shift expectations
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1
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Stop mixing parameter [Delgado et al ’12]
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though fairly easy to accommodate tn extended sefups
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though fairly easy to accommodate tn extended sefups

Higgs mass forces MSSM supersymmetry to shift expectations
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even without direct limits, a dose of reality

though fairly easy to accommodate tn extended sefups

Higgs mass forces MSSM supersymmetry to shift expectations
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targeting natural SUSY

Higgs mass makes us accept more tuning, but the natural paradigm
remains relatively unconstrained
Number 1 SUSY target for LHC14 + beyond

Cmplig Aeted SUSY
— J T
[Zo0 ’1
l J
~ ~ model building efforts well underway
LI'DD -é"')R ’ Ll_

[Craig et al "11, '12],
[Delgado et al '11]

2.0 — \’L

ightest states are the Higgsinos (u) and stops

(gluino contribution more model dependent.. (e.g. Dirac SUSY))



targeting natural SUSY
Higgs mass makes us accept more tuning, but the natural paradigm

remains relatively unconstrained
Number 1 SUSY target for LHC14 + beyond

Higgs-aware /1[,,7[.,(,/ SUSY

— J~ 7
[Xo0o \\/ j
% Al; model building efforts well underway
700 i LR [Craig et al '11, ’12],
v [Delgado et al "11]
2.0 — \’L

ightest states are the Higgsinos (u) and stops

(gluino contribution more model dependent.. (e.g. Dirac SUSY))



stops

Higgs mass already tells us stops (either one or both)
should be > TeV (within vanilla MSSM).

LHC reach estimate [Eur. Strategy book, 2013]
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future collider should have this region in its sights

want to study the stop, not just discover it!!
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Higgs mass already tells us stops (either one or both)
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want to study the stop, not just discover it!!



lots of tricks that allow lighter stops (and other states) to
remain valid

* R-parity violation
* long cascade decays
e compressed spectra



lots of tricks that allow lighter stops (and other states) to
remain valid

 R-parity violation ——
* long cascade decays

e compressed spectra \

spreads out energy over
multiple final state objects,
making them too soft for cuts

kills the MET signal by having
the LSP decay to SM

limits the phase space for
decay particles, lowering the
average energy and the MET



lots of tricks that allow lighter stops (and other states) to
remain valid

* R-parity violation
* long cascade decays
e compressed spectra

clean environment and knowledge of initial state means lepton

colliders are not confused by these tricks: ‘loophole free’
[Berggren 1308.1461]

plus offer unparalleled precision in mass/mass-difference/spin/
coupling measurements (though fewer recent/detailed studies done
for py-collider)

to take advantage of these benefits, need the
energy to make the sparticles: p-collider



ight electroweakinos (Higgsinos/Winos/Bino)

U must be light for naturalness — prime target for LHC/tuture
collider studies

in some SUSY setups, i.e split SUSY, electroweakinos are the only
TeV-scale particles, motivated by DM & unification

CMS Preliminary

;‘ 500 : | | I I I I | I I I I | I I I I
— ~0 ~= _
S 450 | PP LY, —— 8TeV, 20 15" =
= _ = Lz e 14 TeV, 300 fb' (scenario A) 3
e” Pt z-owy -=-- 14TeV, 300 f" (scenario B)
7 350 = Based on SUS-13-006 =
300 |~ Estimated 50 discovery reach . —
)20 ~O E Phe -° N s ~ E
Py 2 D &1 250 - JPta .l =
: .o 200 :_ P ,* - \‘ _:
=0 = cntT T e . |‘ =
Pl Xii: . —_——-—— X]_ 150 E "'/ ------- 0“’ “ E
100 = 7 ) R —
-/ : " E
W 50 l'. : —
-/ . 1 3
0 m L | I T - N T S SR N R N
100 200 300 400 500 600 700
[CMS 1307.7135] M. = m_o [GeV]
: X, X

electroweakino mixtures can be as heavy as ~3 TeV while remaining
viable DM candidates... well beyond reach of LHC/ILC



chargino searches lose sensitivity as mass
iINncreases or mass splitting decreases

when states are nearly

Iy degenerate, must rely on ISR-
) assisted signals

yﬁ _____ . tricky at LHC due to systematics
/ | :}\ on Z(vV)+j/y background,

e ~no limit at LHCs
e |[imited reach even after several ab-1, LHC14

@}



chargino searches lose sensitivity as mass
iINncreases or mass splitting decreases

Mono-X
ILC 500 ILC 1000
m 6 : ;
% : [ wino g
SRR WA W . [ higgsino =
: Monojet ;‘:
4 ; 14TeV |©
dRE. X SR forssssanna
1 950/0 a:
[LT Wang] 1 E
O: ! I ! | l l
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ILC sensitivity near 1/s/2.. no p-collider study | know of



neutralino/chargino spectrum contains a lot
the theory (u, M+, Mo, tan

full sector must be observed to distinguis

of information about
3)

N between models

current ‘standard’ searches focus on x=x°,

many extensions of the MSSM (i.e NMSSM) leave their
most visible imprint in the EW-Ino sector as extra states
or modified interactions

precision, high energy studies

necessary



s-channel advantage:

all SUSY models contain extra Higgses H/A

from Higgs (h) coupling measurements, we know H/A are
essentially decoupled from WW/ZZ and are narrow

MK ~ Ma NOt pinpointed by naturalness, but also not tightly
bounded at LHC

H/A can be produced as s-channel resonances at a y-collider.
Tuning v/ s ~ my, rate becomes enormous

Events/year = 1.54 x 10° (
><( L )(1TeV)2(BR(H/A—>,u+,u_))

10%% em=2s~1/ \mp/a 104

[Eichten, AM "13]



10%:

depending on H/A
separation, width, and
energy resolution, two

distinct peaks may be seen

It mnp > 2 my for some
superpartner
(electroweakinos!),
op — H/A
IS a new SUSY source

even at ~few % BR, pp = H/A = XX can far
exceed other X production modes



nasty scenarios still exist...

cancellation of quadratic sensitivity of Higgs mass does not
require top-partner has QCD color, just the same # of d.o.f.

could have a SUSY where the stop is not colored under our QCD!

'Folded Supersymmetry’ [Burdman, Chacko et al '06]

ittle studied, but best option Is likely precision HIggs

T~ -7 — #|DH|?, so acts as a wave-function
non-QCD , renormalization & shifts all Higgs
stop T couplings
~7 TN

[Craig, Englert, McCullough ‘13]



Conclusions

direct LHC constraints and mn = 126 GeV have cut a swath out of
SUSY parameter space

‘Natural’ spectra remain the least constrained and are a main
goal for LHC14 + beyond (Mstop, Minos < few TeV)

to thoroughly search for &, if found, measure SUSY,
a high-energy, high precision [epton collider is the best tool

if y-collider is the best combination of these traits, its the
machine to use (added bonus of s-channel H/A factory)

updated, detailed studies of py-collider capabillities tor
orecision SUSY/DM studies motivateo
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more detalled limits

CMS Preliminary, Vs = 7+8 TeV, L = 17 fb™
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g 95% CL Excluded Regions
+ 45 [ Observed

-------------- Expected

+10 expected
+20 expected
LEP

MSSM m_"* scenario

M =1TeV
susy

 E— —
600
m, [GeV]

A A
200 400

800

5\ _l T | ~|~ J T | |~ | |~ | T T |_

o 800 pp—§§,§—q¥x; m@>>m(@) .

o 700l Expected Limit =1 o exp. o

Eﬂ I oNLO+NLL .1 5 theory i
600 — CMS Preliminary, 11.7 fb',\'s =8 TeV. e
500 —

400 — ]
300
200

100

1
1
1
LY U T 1
H I —
‘I
1
1
1

0] B R R |

300 400 500 600 700 800 900 1000
msquark (GeV)

10

1072

103

95% C.L. upper limit on o (pb)



